Aims Biomass partitioning for resource conservation might affect plant allometry, accounting for a substantial amount of unexplained variation in existing plant allometry models. One means of resource conservation is through direct allocation to storage in particular organs. In this study, storage allocation and biomass allometry of deciduous and evergreen tree species from seasonal environments were considered. It was expected that deciduous species would have greater allocation to storage in roots to support leaf regrowth in subsequent growing seasons, and consequently have lower scaling exponents for leaf to root and stem to root partitioning, than evergreen species. It was further expected that changes to root carbohydrate storage and biomass allometry under different soil nutrient supply conditions would be greater for deciduous species than for evergreen species. † Methods Root carbohydrate storage and organ biomass allometries were compared for juveniles of 20 savanna tree species of different leaf habit (nine evergreen, 11 deciduous) grown in two nutrient treatments for periods of 5 and 20 weeks (total dry mass of individual plants ranged from 0 . 003 to 258 . 724 g). † Key Results Deciduous species had greater root non-structural carbohydrate than evergreen species, and lower scaling exponents for leaf to root and stem to root partitioning than evergreen species. Across species, leaf to stem scaling was positively related, and stem to root scaling was negatively related to root carbohydrate concentration. Under lower nutrient supply, trees displayed increased partitioning to non-structural carbohydrate, and to roots and leaves over stems with increasing plant size, but this change did not differ between leaf habits. † Conclusions Substantial unexplained variation in biomass allometry of woody species may be related to selection for resource conservation against environmental stresses, such as resource seasonality. Further differences in plant allometry could arise due to selection for different types of biomass allocation in response to different environmental stressors (e.g. fire vs. herbivory).
INTRODUCTION
Constraints on plant allometric scaling potentially frame plant form, function, ecology and diversity, and there is strong evidence to suggest that several prominent organismal-, community-and ecosystem-level properties of plants emerge from relatively few allometric and biomechanical rules (Enquist, 2004) . However, existing general models explaining allometric patterns in plants (West et al., 1997 (West et al., , 1999 do not account for a substantial amount of variation in plant organ allometry (Enquist and Niklas, 2002; McCarthy and Enquist, 2007) . Research into biomass partitioning and allometry has been led by the notion that partitioning functionally supports resource capture because plants collect different resources with different organs (Brouwer, 1962; Tilman, 1988; Enquist and Niklas, 2002; Poorter et al., 2012) . There is a substantial body of evidence that biomass partitioning affects the ability of plants to tolerate and respond to disturbance, such as for instance species growing in fire-prone environments store substantial resources in roots beyond the reach of fires (Raunkiaer, 1934; Bellingham and Sparrow, 2000; Hoffmann et al., 2004; Tomlinson et al., 2012) . This indicates that biomass allocation is also selected for resource conservation, which may go beyond selected responses to disturbance, as we will demonstrate below. Importantly, the cumulative effects of this altered biomass allocation could result in different organ biomass allometries among species with different levels of allocation to storage. Biomass partitioning to storage may explain a significant amount of this unaccounted for variation, providing an avenue for improvement in the predictive power of such models as well as our understanding of plant biomass allometry. As a first step, it is necessary to demonstrate that differences in biomass allometry between groups of plants can be related to differences in their reserve storage patterns.
Resource conservation through storage may be selected in environments with strong seasonality in resource supply because those stored resources can support survival through non-growing seasons and support regrowth at the start of growing seasons. Given the extent of seasonal environments across the globe (Kottek et al., 2006) , selection for both resource capture and storage may explain a substantial amount of interspecific variation in biomass partitioning and allometry. Leaf habit, i.e. whether a species is evergreen or deciduous, has been linked to divergent plant strategies in seasonal climates (Reich and Borchet, 1984; Walters and Reich, 1999; Markesteijn and Poorter, 2009; Tomlinson et al., 2012) . Walters and Reich (1999) demonstrated that for juvenile trees growing under light-limited conditions (,12 % light), tropical evergreen and temperate deciduous species partition resources differently with increasing size: evergreen species increase allocation to leaf and stem, while deciduous species increase allocation to root. They postulated that deciduous species require greater allocation to reserve storage in roots than evergreen species for rapid growth during windows of high light availability at the start of each subsequent growing season, and that evergreen species require much less storage because they retain leaves throughout the year. They further postulated that these resources are conserved in the roots, thereby explaining the greater root mass fractions of deciduous species in temperate environments. Unfortunately, their study leaves a lot of room for speculation because they compared growth of species of two different leaf habits that were selected from quite different environments (evergreen species from the tropics and deciduous species from the temperate zone). Therefore, there is a need to compare evergreen and deciduous species from the same habitat to establish these differences properly. Further, their explanation for the differences is specific to the conditions of forest environments, and we believe that a simpler explanation can be provided that predicts differences in partitioning of evergreen and deciduous species in general: deciduous species need to retain stored reserves for re-establishing leaf canopies in subsequent growing seasons. Thus deciduous species may allocate more resources to roots than evergreen species in any seasonal environment, defining distinct biomass partitioning patterns between the leaf habits (e.g. Espelta et al., 2005) . There is evidence that for juvenile trees, carbohydrate reserves are stored in roots (Hoffmann et al., 2004; Kobe et al., 2010) , but it has yet to be formally demonstrated that root carbohydrate storage differs for evergreen and deciduous species.
In this study, we investigated whether leaf habit distinguishes root carbohydrate storage and biomass allometry of juveniles of tree species abundant in savanna systems, and whether allocation to root carbohydrate storage can predict biomass allometry among these species. Savannas are seasonal environments with marked wet and dry seasons (Cole, 1986; Sarmiento, 1992; Kottek et al., 2006) where light is usually non-limiting to growth while water stress and defoliation by fire (disturbance) during the non-growing season are more pressing hazards to seedling survival and growth (Hoffmann et al., 2004; Tomlinson et al., 2012) . If differences in biomass allometry between leaf habits can be found that are qualitatively similar to the patterns found by Walters and Reich (1999) , this would underpin the proposition that biomass allocation and biomass allometry are fundamentally different between leaf habits.
Biomass allometry of species of different leaf habit might further differ in the species' response to different nutrient supply conditions if they have different carbohydrate partitioning patterns. Kobe et al. (2010) observed that much of the variation in cumulative root to shoot partitioning between plants grown under high and low nutrient conditions is due to differences in root carbon storage: plants allocate more carbon to storage in roots when grown under low nutrient conditions than under high nutrient conditions, rather than to increased root branching and extension for resource capture. Given that evergreen and deciduous species may differ in the rate at which they allocate resources to storage, differences in storage, and consequently in allometries, between the leaf habits may be accentuated under nutrient deficiency.
We hypothesized that deciduous and evergreen trees differ in juvenile biomass allometries because of differences in allocation to root storage. We made the following specific predictions. (1) Biomass allocation to stems and leaves over roots increases with plant size at a faster rate among evergreen species than deciduous species (indicated by higher scaling exponents for stem to root and leaf to root partitioning). (2) Deciduous species store more carbohydrates in roots than evergreen species. (3) Across species, scaling exponents for stem to root and leaf to root biomass partitioning are negatively related to root carbohydrate storage. (4) Under low nutrient conditions, biomass partitioning to roots and carbohydrate storage in roots increases in plants, and both effects are greater for deciduous species than forevergreen species.
We tested these predictions by considering root carbohydrate storage and biomass allometry of juveniles of 20 savanna tree species (all angiosperms) of different leaf habit (nine evergreen, 11 deciduous) grown in two soil nutrient treatments for up to 20 weeks.
MATERIALS AND METHODS
A list of variables discussed in the text, together with their acronyms and units of measurement, is provided in Table 1 .
Species selection
We selected 20 abundant tree species (nine evergreen, 11 deciduous) from savannas in Africa, Australia and South America (Tomlinson et al., 2012) . Species were sampled in southern Africa (Miombo in Zimbabwe, Lowveld and Coastal Belt in South Africa; Frost, 1996; Mucina and Rutherford, 2006) , Eucalyptus and Acacia woodlands in north-eastern Australia (coastal and inland woodlands in Queensland; Cole, 1986) and in eastern South America (Cerrado and Caatinga biomes in Brazil; Cole, 1986) . Two plant orders form the bulk of the species sample, Fabales (Fabaceae) and Myrtales (Combretaceae, Myrtaceae) (a species list with descriptions is provided in Supplementary Data Table S1 ).
Experimental design
We conducted a greenhouse experiment to compare the organ biomass allometries of tree species' juveniles grown for 5 and 20 weeks under different nutrient treatments. A pot trial was conducted in a greenhouse chamber at UNIFARM, Wageningen University, The Netherlands. The temperature in the greenhouse was set at 28 8C for 12 h (daytime) and 23 8C for 12 h (nighttime). Supplementary light (150 mmol m 22 s
21
) was provided in order to supply sufficient light to ensure that the daily supply of photon flux density exceeded 10 mol m 22 d
. The trees were grown in plastic pipes of 10 cm diameter and 100 cm depth, to allow the roots more space to grow in an effort to reduce any changes in organ allocation caused by pot soil volume. Water was supplied through irrigation three times per day at a rate of 40 mL per pipe per day, equivalent to 800 mm of rainfall over 20 weeks of growth. Soil nutrients were supplied using slow-release fertilizer [Osmocote 18-6-12 fertilizer (8 -9 month mixture)] mixed into the growing medium (river sand). The plants were grown at two nutrient levels. The high nutrient treatment was applied at a rate of 5 kg fertilizer m 23 river sand, and the low nutrient treatment was applied at a rate of 1 kg fertilizer m 23 river sand.
Allometric data
Seedlings were planted into the pipes a few days after germination, and then grown for a further 5 or 20 weeks, at which time they were harvested. Five plants per species per nutrient treatment were grown for each time period (5 and 20 weeks) in each batch run of the experiment. Each species was grown in two of three batch runs of the experiment, yielding a maximum replication of ten plants per nutrient treatment per time period for each species, or 20 plants per nutrient treatment for each species, which provided a range of plant sizes per species covering five orders of magnitude (total dry mass of individual plants ranged from 0 . 003 to 258 . 724 g) on which allometric relationships could be calculated. Some plants did not thrive after transplanting into pipes; those individuals were destroyed. Leaf mass (M L ), stem mass (M S ) and root mass (M R ) were measured on each plant harvested at 5 and 20 weeks after planting (all masses in g dry matter).
Scaling allometries are usually represented using a power function (Snell, 1892; Peters, 1983; Enquist and Niklas, 2002) :
which can also be written in the logarithmic form: log 10 Y = log 10 b + a log 10 X
where a is the allometric exponent, describing the change in scaling with increasing size, b is the allometric constant, and X and Y are the two biomass components being related to one another. When a does not differ significantly from 1, this indicates that the biomass relationship between the two components does not change with size. When comparing allometric relationships for two groups, significant differences between the intercepts, b, are difficult to interpret if the exponents, a, differ significantly, because the position of each intercept depends on the slope of that line. However, when differences in a are nonsignificant, differences in b may indicate fixed partitioning differences between groups (Enquist and Niklas, 2002; McCarthy and Enquist, 2007) . Allometric coefficients, a and b, for each species grown under each nutrient treatment were estimated for M L vs. M S (leaf to stem allometry), M L vs. M R (leaf to root allometry) and M S vs. M R (stem to root allometry), using reduced major axis (RMA) regression on the log 10 -transformed organ mass data measured at the two harvesting dates (see Sokal and Rohlf, 1981) . The derived coefficient estimates are presented in Tables 2 and 3 .
Root carbohydrate data
Root material was taken from the upper third of the central taproot of five plants harvested at 20 weeks grown under each nutrient treatment (thus ten plants per species). Root non-structural carbohydrate concentration ([C] R , g carbohydrate g 21 root) was estimated per sample by separate estimation of the components of [C ] R , namely the starch concentration and soluble sugars concentration, using a revised procedure developed at the University of Florida (Kaoru Kitajima, pers. comm.). The method is identical to that described in Poorter and Kitajima (2007) except that starch and more complex sugars are hydrolysed to glucose using 1 . 1 % hydrochloric acid solution in place of amyloglucosidase.
Root carbohydrate storage might differ between species both in terms of concentration in roots ([C] R ) and in terms of total carbohydrate stored in roots, i.e. the plant root non-structural carbohydrate fraction (C R/T , g carbohydrate g 21 total). The latter depends on the plant root mass (M R ) to total mass (M T ) fraction:
This is a coarse approximation of fractional root carbon storage because it assumes equal carbon storage throughout the plant root. Most species considered here produced a thickened taproot which accounted for most of the root biomass, and therefore we were confident that this estimate was representative of differences between species. C R/T is also a measure of the cumulative partitioning to root storage. Mean root not-structural carbohydrate concentration ([C ] R ) per species ranged from 16 to 64 % in the high nutrient treatment and from 22 to 59 % in the low nutrient treatment (Table 4) , which is similar to ranges found by Hoffmann et al. (2004) for seedlings of forest and savanna species measured at 21 weeks of growth (approx. 5 -55 %).
Statistical analysis
We adopted a mixed modelling approach to evaluate whether allometries and root carbohydrate storage differed between Allometric coefficients a and b for biomass partitioning of 20 savanna tree species grown in the high nutrient treatment Leaf mass M L vs. stem mass M S , leaf mass M L vs. root mass M R , and stem mass M S vs. root mass M R . These coefficients were derived from RMA regression (see Sokal and Rohlf, 1981) .
Pearson correlations (r) between regression variables are also presented. The number of individuals per species (n) used to derive each relationship is shown. Plant mean size and extremes of sampled individuals are also shown. Leaf habit of each species is indicated (E, evergreen; D, deciduous). individuals of different leaf habit (H; deciduous or evergreen) and across different nutrient treatments (N; high nutrient supply or low nutrient supply) (Predictions 1, 2 and 4), and whether allometries could be related to root carbohydrate storage (Prediction 3). Species was included as a random component in the models, such that each species could have separate intercepts and separate slopes if these accounted for significant variation in the data.
All analyses were conducted using the lmer function of lme4 in R (Pinheiro and Bates, 2000) . Equations (4-6) below indicate model statements in lme4. The resulting regression models were also plotted to allow visual interpretation of the patterns. We tested all main effects and all interactions between the main effects. Likelihood ratio tests (LRTs) on unrestricted maximum likelihoods (MLs) were used to evaluate fixed and random effects in the model, following the procedure described in Baayen et al. (2008) . Random effects were first evaluated using the full model. Fixed effects were subsequently evaluated using ML with the chosen random model. Final estimates for parameters of the chosen models were estimated using restricted maximum likelihood (REML).
Allometric partitioning across leaf habits and nutrient treatments.
First, we used our entire individual data set to test whether organ mass allometries differed between individuals of different leaf habit (H) (Prediction 1), and whether they changed in response to different nutrient treatments (N) (Prediction 4).
The model above represents allometric scaling between leaf (M L ) and stem (M S ) organs. Similar models were used for M L vs. M R and M S vs. M R . We used deciduous species growing in the high nutrient treatment as the default case. Therefore, the scaling exponent of this group is represented by the coefficient of the main effect M S . Changes to the scaling exponent due to evergreen leaf habit and the low nutrient treatment are indicated by the coefficients of the interactions involving M s with leaf habit (M S :H) and nutrient treatment (M S :N), respectively. The interaction M S :H:N discerns whether allometric scaling differs between nutrient treatments for each leaf habit. The remaining terms (H, N, H:N) affect the position of the scaling constant (b). M S × Species was included in the random component to account for variation in the scaling exponent due to individual species. The chosen regression models are provided in Table 5 (these are visualized in Supplementary Data Fig. S1 ).
The differences between allometric slopes could be quite small even if they were significant (Table 5 ). This is in part because they are derived using log-transformed data. Therefore, to visualize these changes more clearly, we ran an additional set of regression models where we regressed the leaf:stem ratio, leaf:root ratio and stem:root ratio against total plant mass (M T ), habit and nutrient treatment, which we subsequently plotted ( Fig. 1) (the underlying regression model estimates are provided in Supplementary Data Table S2 ). Here the chosen models selected using the allometric models [eqn (4)] were simply rerun substituting the appropriate organ mass ratio for the dependent variable and M T in place of the predictor organ mass.
Root carbohydrate storage across leaf habits and nutrient treatments. Secondly, we tested whether root carbon storage differed between individuals of different leaf habits (H) (Prediction 2) and across different nutrient treatments (N) (Prediction 4). Total plant mass (M T ) was included in this model to account for size effects on storage. We tested all main effects and all interactions between the main effects.
[
The chosen regression models are visualized in Fig. 2 (the underlying regression model estimates are provided in Supplementary Data Table S3 ).
Relationship between organ allometry and root carbohydrate
storage. Thirdly, we tested whether species' organ scaling coefficients (a) differed systematically with stored carbohydrate in roots (Prediction 3). We regressed the estimated scaling coefficients for each species on each nutrient treatment (data provided in Tables 2 and 3 ) against mean [C] R estimates for those species (data provided in Table 4 ; n ¼ 40 for 20 species). We included mean species mass (M species ) as a covariate to account for the effect of mean plant size on the scaling coefficient. Species was included as a random effect.
The chosen regression models are provided in Table 6 and visualized in Fig. 3 .
RESULTS

Plant biomass allometry
The allometric models obtained using the individual data are presented in Table 5 and visualized in Fig. 1 . Leaf habit significantly distinguished organ scaling exponents (a) involving roots and supported Prediction 1. Allocation to leaves over roots (Fig. 1B) and stems over roots (Fig. 1C) increased with size at a greater rate among evergreen species than among deciduous species, as indicated by their greater scaling exponents. Nutrient treatment affected scaling of organ relationships involving stems, with increased allocation towards leaves and roots at the expense of stems with increasing size under low nutrient conditions (Fig 1A, C; Table 5 ). All species also increased allocation to roots at the expense of leaves across plant sizes in the low nutrient treatment [significant effect of N on the allometric constant (b) of leaf vs. root allometry, Fig. 1B ; Table 5 ]. Species of different leaf habit did not differ in their partitioning response to different nutrient treatments (M S :H:N non-significant for all three relationships). Thus biomass scaling patterns did not support Prediction 4.
Root carbohydrate storage
Root non-structural carbohydrate concentration ([C] R ) and root non-structural carbohydrate fraction (C R/T ) were significantly lower among evergreen than deciduous species with increasing size (Fig. 2) , supporting Prediction 2. The relative differences in 
Allometric slopes tested were leaf mass to stem mass (M L vs. M S ), leaf mass to root mass(M L vs. M R ) and stem mass to root mass (M S vs. M R ). All masses were log 10 -transformed prior to modelling. The default factor levels are deciduous leaf habit and high nutrient treatment. (n ¼ 753).
Models were chosen using likelihood ratio tests following the procedure outlined in Baayen et al. (2008) . Final parameter estimates were evaluated with non-conservative t-tests (see Baayen et al., 2008 C R/T were larger than for [C] R because evergreen species had much lower root mass fractions than deciduous species (see species' mean estimates in Table 4 ).
[C] R did not change between nutrient treatments, while C R/T increased under low nutrient conditions. This indicates that tree juveniles increased allocation to storage under nutrient stress, but that this additional storage occurred through structural adjustment (root thickening) rather than through increased cellular concentrations of non-structural carbohydrates. Also, for small plant sizes, storage differences under high and low nutrient treatments were much greater than for larger plant sizes (Fig. 2B ). Deciduous and evergreen species did not differ in their carbohydrate storage response to nutrient stress. Thus carbohydrate storage patterns did not support Prediction 4.
Relationships between organ scaling and root carbohydrate storage
Allometric scaling relationships differed across species (Tables 2 and 3 ). Species' allometric scaling relationships (a) were significantly related to root non-structural carbohydrate concentration ([C] R ) ( Table 6, storage, while deciduous species were distributed across a much wider range of stem to root scaling values and root storage values (Fig. 3) .
DISCUSSION
We tested the hypothesis that deciduous and evergreen trees differ in juvenile biomass allometries because of differences in allocation to root storage. Our results provide support for the hypothesis. There were significant differences in the allometric exponents of evergreen and deciduous species involving roots (Table 5 , Fig. 1 ): allocation to leaves and stems over roots increased with plant total biomass at a greater rate among evergreen species than among deciduous species (Fig. 1) . Species of different leaf habit differed in their allocation of resources to reserve storage in roots: allocation to non-structural carbohydrate in roots increased with plant total biomass at a greater rate among deciduous species than evergreen species (Fig. 2) . Finally, we showed that species' scaling exponents could be significantly explained by their root carbohydrate concentrations (Table 6 , Fig. 3 ).
Biomass allometry across leaf habits
Our study showed that juveniles of evergreen species allocate more biomass to stems and leaves over roots than deciduous species with increasing plant total biomass. This corroborates the findings of Walters and Reich (1999) , but suggests further that biomass allocation is fundamentally different between trees with different leaf habits. Whereas Walters and Reich (1999) used species from different environments (deciduous species from temperate forests and evergreen species from tropical forests), we have shown differences in biomass allocation of species of different leaf habit from the same environment, (sub-) tropical savannas. For both studies, it appears that biomass allometry of juveniles of deciduous and evergreen species differs in environments with strong seasonality. It remains to be established whether deciduous species and evergreen species growing in less seasonal environments also show differences in biomass allometry. In less seasonal environments where brevideciduous species (leaf-exchanging species; Borchert, 1994) exchange their old leaves for new ones, resources may be directly shifted from old leaves into new growth, reducing the requirement for below-ground storage. Hence, deciduous and evergreen species from less seasonal environments may not differ in their partitioning patterns.
We considered scaling allometries in juvenile trees grown for up to 20 weeks. Our data covered five orders of magnitude in size (individuals ranged in mass from 0 . 003 to 258 . 724 g), but the maximum sizes recorded are much less than tree species are able to attain (e.g. Enquist and Niklas, 2002) . It is apparent from previous work that plant organ allometric slopes change with plant size (Enquist and Niklas, 2002; Enquist et al., 2007) . Therefore, a question that arises is whether our observations on juvenile trees carry over to adult trees? A comparison of root to shoot ratios among different forest biomes found greater allocation to roots for deciduous-than evergreendominated communities (Jackson et al., 1996) , suggesting that differences in biomass partitioning between leaf habits do persist into adult plants. Although the fractional contribution of leaf material to total plant biomass can decline to ,5 % of total mass in large trees (Poorter et al., 2012) , most of this biomass is constituted by inert wood in stem and root. Partitioning of live material may not change nearly as dramatically. Seasonal leaf resprouting remains a constraint on deciduous species for the entirety of their lives, so they may continue to allocate resources storage at a greater rate than evergreen species. Architectural adjustment for carbohydrate storage in roots may partly explain these long-term differences in root to shoot partitioning between evergreen-and deciduous-dominated communities (Jackson et al., 1996) .
The divergent patterns of allocation to stem material over root material between evergreen and deciduous savanna species (Fig. 1) can also explain the quite disparate physiognomy of Tables 2 and 3 and individual species root carbohydrate contents are provided in Table 4 (n ¼ 40).
Models were chosen using likelihood ratio tests following the procedure outlined in Baayen et al., (2008) . Final parameter estimates were evaluated with non-conservative t-tests (see Baayen et al., 2008) .
adult trees in frequently burnt savannas in Australia (dominated by very tall, straight evergreen trees) vs. those in Africa and South America (dominated by much shorter, deciduous trees) (Cole, 1986) . Fire is a severe disturbance pressure that can remove leaf and stem material and inhibit trees from progressing to adulthood (Bond and Van Wilgen, 1996; Higgins et al., 2000) . Fires typically occur at the end of the dry season when deciduous species have no live leaves. Among deciduous species, increased fire frequency may select for increased allocation to storage in roots, and hence increased allocation to root biomass, so that they can conserve resources beyond the reach of fires. Among evergreen species, increased fire frequency may select for increased growth rates and height extension, and hence increased allocation to stem mass, so that they can overtop fires (Tomlinson et al., 2012) .
Species' partitioning responses to nutrient treatments
Across species, biomass partitioning towards the leaves and roots at the expense of stems increased with plant size under soil nutrient stress (Fig. 1, Table 5 ). In addition, there was a shift to lower leaf to root partitioning in the low nutrient treatment (indicated by a significant shift in the allometric constant for M L vs. M R in Fig. 1) . Deciduous species showed a greater increase in partitioning to roots over stems and leaves than evergreen species with increasing soil nutrient stress (Fig. 1 ). These differences were restricted to the allometric constants, so did not accumulate with increasing plant size.
As the change in scaling in response to nutrient supply was associated with a trade-off between allocation to stems and other organs (Table 5) , allocation to stems appeared to be secondary to allocation to roots and leaves when resources were limiting. Possibly this was related to the ontogenetic stage of our plants, which were all young (harvested at 20 weeks of growth). Stems mostly serve a structural function, while roots and leaves both acquire plant resources. For very young plants, allocation towards increasing resource accumulation may be selected at the expense of structural strength. Thus, under low nutrient conditions, more resources are diverted towards roots and leaves to build additional structures to increase access to resources and therefore to improve growth potential (Brouwer, 1962; Poorter and Nagel, 2000; Poorter et al., 2012) . With increasing size, as the importance of structural support for the shoot increases, this difference across nutrient treatments might fade.
Our results confirmed that total non-structural carbohydrates stored in roots (C R/T ) increased in plants under low nutrient conditions (Kobe et al., 2012) (Fig. 2) . Interestingly, root nonstructural carbohydrate concentration ([C ] R ) did not increase in the low nutrient treatment, which indicates that plants accommodated the additional carbohydrates through increased root volume. Hence resource supply affects carbohydrate storage in roots, which in turn can alter organ biomass partitioning across resource gradients. This indicates that the standing paradigm that biomass adjustment under nutrient stress improves access to limiting soil resources (Brouwer, 1962; Poorter and Nagel, 2000; Poorter et al., 2012 ) is only partly correct. A significant portion of the biomass adjustment is due to allocation to storage, as asserted by Kobe et al. (2010) .
So why does nutrient stress lead to increased carbohydrate storage in plants? A plausible explanation may be that increased allocation to root structure for soil volume exploration does not yield a sufficient nutrient return on investment in low nutrient environments because most nutrient resources are only available during temporal pulses (Blair et al., 1998; Mamolos, 2006) . Hence allocating resources to reserve storage retains these resources for rapid root expansion during future resource pulses. There is already evidence that plants can rapidly expand root systems into spatiotemporal nutrient patches when these are encountered (Robinson, 1994) . In addition, carbohydrate storage in roots might be directly supplied to arbuscular mycorrhizal fungi when water is available to stimulate root activity and fungal growth (Bago et al., 2003) , when soil nutrients are Table 6 .) Individual species' mean data are also plotted and distinguished by leaf habit, as indicated in the key.
low (Bohrer et al., 2003) . Therefore, retaining carbohydrate stores in roots allows plants to respond rapidly to external resource supplies when and where these are encountered.
Further speculations on the role of resource conservation in plant organ allometries
We focused on how selection for resource conservation distinguished biomass allometry of species of different leaf habits growing in seasonal environments through differences in allocation to storage in roots. Selection for structural adjustment that supports resource conservation might also be important in environments subject to severe defoliation pressure. For instance, species growing in environments with severe fire pressure might be selected to allocate more resources to roots to conserve them against fires relative to species growing in environments with lower fire pressure (at least among deciduous species) (Bellingham and Sparrow, 2000; Hoffmann et al., 2004; Tomlinson et al., 2012) . Similarly, structural modifications selected to reduce herbivory such as reduced leaf size and divaricate growth (Bond et al., 2004) may lead to quite different biomass allometries with both constitutive and induced effects on partitioning (Ward, 2010) . It is clear that a substantial amount of variation in organ biomass allometries of woody species may be related to selection for resource conservation.
Conclusions
Our data provide strong support for the hypothesis that deciduous and evergreen trees differ in juvenile biomass allometries because of differences in allocation to root storage.
This indicates that biomass allometry in plants reflects selection on biomass allocation for resource capture and for resource conservation. Therefore, future research into the mechanisms underlying plant allometry should consider these dual functions of biomass partitioning. Substantial unexplained variation in biomass allometry of woody species may be related to selection for resource conservation against environmental stresses, such as resource seasonality. Further differences in plant allometry could arise due to selection for different types of biomass allocation in response to different environmental stressors (e.g. fire, herbivory), and in response to the severity of those environmental stressors.
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Supplementary data are available online at www.aob.oxfordjournals.org and consist of the following. Table S1 : list of 20 species used in analysis, including names, families, continent of origin and leaf habit. Table S2 :regression results of mixed models testing for the effects of leaf habit, nutrient treatment and total plant mass on the organ biomass ratios of juveniles of 20 savanna tree species. Table S3 : regression results of mixed models testing for the effects of leaf habit, nutrient treatment and species' plant size on root non-structural carbohydrate concentration and root non-structural carbohydrate fraction of juveniles of 20 savanna tree species. Figure S1 : estimated allometric organ mass relationships for juveniles of 20 savanna tree species of different leaf habit grown in two soil nutrient treatments.
